. AMF play various key roles in terrestrial ecosystems. They, among others, regulate the cycling of carbon, nitrogen and phosphorous, influence plant productivity, plant diversity and soil structure, as well as enhance the tolerance of plants to heavy metals, water stresses, pathogenic fungi and nematodes (Smith and Read 2008) . The positive impacts of AMF on plants and soils have consequently generated a growing interest in using them, as a biological tool, for plant production and protection of threatened or devastated sites. However, it was also recognized that the effectiveness of different AMF species in modulating plants and soil may differ greatly (Abbott and Robson 1981; Sinclair et al. 2014; Pérez et al. 2016) .
Despite the common occurrence of AMF in different regions of the world and evidence of their association with land plants since their appearance 460 million years ago (Wang et al. 2010) , the number of known AMF species (ca. 285) is very low in comparison with other, less ancient fungal phyla (700-66000; Ohsowski et al. 2014) . In fact, studies on the molecular diversity of AMF have suggested the existence of at least 348 Glomeromycota species (Ohsowski et al. 2014) . Unknown taxa have not been described for the following possible reasons: (i) many species of AMF sporulate seasonally or rarely in the field and therefore are D r a f t 4 spores are absent in the sampled soils (Błaszkowski et al. 2014a (Błaszkowski et al. , 2015 ; (iv) in many terrestrial regions AMF have either never or rarely been sampled; and finally (v) the number of experts who morphologically and molecularly characterize this group of fungi is very small. In addition, data from recent literature (Stockinger et al. 2014 ) and our observations indicate that the Glomeromycota also includes undefined species that are morphologically almost identical to described taxa, but differ considerably in molecular phylogeny, which has priority in the identification of AMF (Schüßler and Walker 2010) . Moreover, establishing the molecular phylogeny of AMF is absolutely necessary because analyses of only morphological features of these fungi may lead to erroneous conclusions of their systematic positions within the Glomeromycota (pers. observ.).
Two novel AMF that produce glomoid spores have been isolated from sandy soils. The dark-coloured spores formed in clusters by the first fungus suggested a relation to some (Błaszkowski et al. 2004 (Błaszkowski et al. , 2013 Hall 1977 (Błaszkowski et al. 2014a (Błaszkowski et al. , 2015 . Phylogenetic analyses of SSU-ITS-LSU and RPB1
sequences of the second fungus indicated that its closest relative is R. clarum, but the molecular distance between the fungi was so large that we concluded treating them as D r a f t 5 conspecific would be an error. Therefore, we characterized the two fungi as two new species:
D. emiratia sp. nov. and R. dunense sp. nov. emiratia and ca. 10 single spores of R. dunense. Spores from field soils and cultures were collected using the method described by Błaszkowski et al. (2015) . Morphological and molecular analyses of D. emiratia were performed on spores extracted from field soils and those collected from four-month-old single-species cultures, from which roots were also sampled to study mycorrhizal structures. Similar analyses were conducted with R. dunense, except that the spores and roots came from five-month-old and 13-month-old single-species cultures. Roots were stained as described by Błaszkowski (2012) . The host plant in both the trap culture and single-species cultures was Plantago lanceolata L.
Materials and Methods

Establishment
Morphological features of spores and the phenotypic and histochemical characters of spore wall layers were determined after examination of at least 100 spores mounted in water, lactic acid, polyvinyl alcohol/lactic acid/glycerol (PVLG; Omar et al. 1979 ) and a mixture of PVLG and Melzer's reagent (1:1, v/v). The preparation of spores, determination of colour, and photographing of spores and mycorrhizal structures were performed as described previously (Błaszkowski 2012; Błaszkowski et al. 2012) . Types of spore wall layers are those defined by Błaszkowski (2012) , Stürmer and Morton (1997), and Walker (1983) . Colour names are from Kornerup and Wanscher (1983) . 
Molecular analyses
DNA extraction, polymerase chain reaction, and DNA sequencing
Crude DNA was extracted from eight clusters with 5-10 spores of D. emiratia and eight single spores of R. dunense. Details of the treatment of the spores prior to polymerase chain reactions (PCRs) and the conditions and primers used in the PCRs to obtain SSU-ITS-LSU sequences were as those described in Błaszkowski et al. (2015) and Krüger et al. (2009) .
To obtain RPB1 sequences of D. emiratia and R. dunense, PCRs were performed in conditions recommended by and with the primers RPB1-HS_A1a and RPB1-DR1730rr designed by Stockinger et al. (2014) . Cloning and sequencing of PCR products to obtain both types of sequences were performed following protocols described by Błaszkowski et al. (2015) . The sequences were deposited in GenBank (KY555039-KY555057).
Sequence alignment and phylogenetic analyses
Initial BLAST queries indicated that the SSU-ITS-LSU nrDNA sequences of our two fungi had low percent identity with other glomeromycotan sequences. The first fungus was found to belong to the genus Dominikia, and sequences of the second fungus showed only 92-93% similarity to eight sequences of two Rhizoglomus spp. and 91 sequences of the support for the branches. The generated phylogenetic trees were visualized and edited in MEGA6 (Tamura et al. 2013) . A sequence identity matrix of the species most closely related to our new AMF was generated using BIOEDIT software (Hall 1999) .
Results
General data and phylogeny
The phylogenetic analyses were performed with two sets of sequences. The first set consisted of 93 sequences of the SSU-ITS-LSU nrDNA fragment from 21 described species of AMF and the two yet undefined fungi. DIAGNOSIS: Dominikia emiratia is distinguished from D. compressa by (i) its distinct SSU-ITS-LSU and RPB1 sequences, (ii) the production of darker spores with a thicker and more complex spore wall consisting of layers differing in phenotypic and histochemical properties and (iii) the characters of the spore subtending hypha.
DESCRIPTION: Spores formed in soil in loose to compact clusters with 3-15 spores; develop blastically at the tip of sporogenous hyphae branched from a parent hypha continuous with a mycorrhizal extraradical hypha (Fig. 3A) . Spores orange (6B8) to brownish orange (7C8); globose to subglobose; (40-)63(-87) µm diam; rarely egg-shaped, 40-83 × 60-100 µm; with one subtending hypha ( Fig. 3A-E) . Spore wall consists of three layers (layers 1-3; Fig (Fig. 3E) . In many specimens, spore wall layer 2 is thin and coloured similarly to spore wall layer 1, and, therefore, the two tightly adherent layers may be erroneously considered a single layer (Fig. 3B-E, G) . Examination of many crushed spores excludes the possibility of making such an error. Layer 3 laminate, orange (6B8) to brownish orange (7C8), (2.8-)6.1(-9.8) µm thick. In Melzer's reagent, only layer 3 stains brownish red (9C8) to reddish brown (9D8; Fig. 3F, G) . Subtending hypha light yellow (3A6) to light orange (5A4); straight or recurved, usually cylindrical, sometimes slightly constricted at the spore base, rarely slightly funnel-shaped, (10.0-)14.4(-25.0) µm wide at the spore base ( Fig. 3B-H) . Wall of subtending hypha light yellow (3A6) to light orange (5A4); (3.8-)6.3(-11.8) µm thick at the spore base; composed of three layers continuous with spore wall layers 1-3 ( Fig. 3B-H ).
Subtending hyphal wall layers 2 and 3 are similarly coloured and usually do not separate from each other even in vigorously crushed spores, and thereby give the impression of a uniform structure ( Fig. 3B-E) . The presence of layer 3 in the subtending hyphal wall is most clearly visualized in Melzer's reagent, which stains layer 3 dark and shows its continuity with spore wall layer 3 (Fig. 3G, H) . Pore (1.0-)2.4(-11.5) µm diam, usually open ( Fig. 3B-F) , rarely occluded by a curved septum continuous with some of the innermost laminae of spore wall layer 3 (Fig. 3G) . Germination unknown.
PLANT ASSOCIATIONS: In the field, D. emiratia sporulated among roots of Citrus × aurantiifolia (Christm.) Swingle, P. granatum and Vitis vinifera L. However, the existence of the fungus inside roots of these plant species was not examined using molecular tools.
In (Fig. 4B-E, G) , rarely, especially when thicker, separated from it ( Fig. 4F, H) . In Melzer's reagent, layer 1 stains pinkish white (9A2) to dark red (10C8), and layer 3 turns pale yellow (3A3; Fig. 4D-F dunense. In addition, we did not find any RPB1 sequence that would suggest identity of our new species with other described or unknown AMF.
Discussion
The most distinguishing structure of D. emiratia spores is their robust and wide subtending hypha, whose wall is much lighter than the spores, even though layer 3 of the subtending hyphal wall is continuous with a considerably darker spore wall layer 3 ( 3A-E). The differentiation of two laminate spore wall layers (layers 2 and 3) in D. emiratia ( Fig. 3B-E, G) is also a feature that characterizes very few other species of the Glomeromycota with glomoid spores. In addition, the conspicuous morphological character of D. emiratia is the formation of spores only in loose clusters (Fig. 3A) . Finally, the uniqueness of D. emiratia is shown in the phylogenetic analyses of sequences of the SSU-ITS-LSU nrDNA fragment and the RPB1 gene (Figs. 1, 2 ).
As mentioned above, our molecular phylogenetic analyses showed the uniqueness of D.
emiratia, placing the fungus at the base of a clade with known Dominikia spp. (Figs. 1, 2) , and indicated that its closest natural relative is D. compressa (Fig. 1) . However, the molecular distance between the two species is very large (see the section "General data and phylogeny").
Morphologically and histochemically, D. emiratia and D. compressa differ in nine characters (Oehl et al. 2014) . Spores of D. emiratia are clearly darker ( Fig. 3A-E ; vs. golden yellow to yellow brown in D. compressa). The spore wall of D. emiratia is 1.9-3.6-fold thicker and consists of three permanent layers (Fig. 3B-G) . The spore wall of D. compressa is two-layered, lacking the laminate spore wall layer 2 of our new species. In addition, spore wall layer 1 of D. compressa is an impermanent structure, sloughing with age, and none of the layers of the spore wall reacts in Melzer's reagent (vs. layer 3 stains dark in this reagent in D.
emiratia; Fig. 3F-H) .
The subtending hypha of D. emiratia may be 1.4-fold wider at the base of the spore. Most importantly, at the base of the spore the subtending hyphal wall of D. emiratia is conspicuously lighter than the spore wall, despite the fact that the components of these walls are continuous structures ( Fig. 3B-E) . The subtending hyphal wall of D. compressa spores is similar in colour or slightly lighter than their spore wall. In D. emiratia, both subtending hyphal walls are of similar thickness and thereby the subtending hyphal lumen is cylindrical or funnel-shaped when observed in plan view (Fig. 3B-H) . In D. compressa, one of the D r a f t 16 subtending hyphal walls usually is much thicker and its thickness varies in different regions of the hypha, which causes the subtending hyphal lumen to appear wavy when observed in plan view.
Although morphologically D. emiratia spores superficially most resemble those of S.
fuscum, S. xanthium and R. invermaium, a detailed examination of the spores readily separates the species (Hall 1977; Błaszkowski 2012; Błaszkowski et al. 2004 Błaszkowski et al. , 2013 . These species differ in colour (S. fuscum) and size (R. invermaium, S. xanthium) of spores, spore wall thickness (all), number of spore wall layers (R. invermaium, S. xanthium), phenotypic (S.
fuscum, S. xanthium) and histochemical (S. fuscum, S. xanthium, unknown in R. invermaium) properties of the spore wall layers, colour of subtending hypha relative to that of the spore wall (all), width of the subtending hypha, thickness of its wall and width of its pore at the spore base (all), and in the lack of a septum in the subtending hypha (S. fuscum). In addition, none of the species has a spore wall with two laminate layers as has D. emiratia ( Fig. 3B-G ).
Most importantly, the species differ fundamentally in molecular phylogeny.
As mentioned above, very few other species of the Glomeromycota produce glomoid spores with a spore wall comprising two laminate layers. Those that do are Funneliformis
clarum, R. dunense described below, and S. turnauae Błaszk., Chwat & Ryszka. Although the molecular phylogeny of the two first species is unknown, the mode of spore formation in all species and morphological characters of their spores differ clearly from those of D. emiratia (Nicolson and Schenck 1979; Bentivenga and Hetrick 1991; Oehl et al. 2002; Błaszkowski et al. 2014b; http://invam.wvu.edu/) . It is important to note that D. emiratia, R. clarum, R.
dunense, and S. turnauae are separated by large molecular distances.
The most distinctive structure of R. dunense spores is the hyaline spore wall layer 3, which turns pale yellow (3A3) in Melzer's reagent (Figs. 4B-H clarum (Fig. 1) . Interestingly, the identities of the ITS region sequences of R. dunense and R.
clarum calculated in this study were very low, ranging from 86.6% to 87.4%. Low identity between the two species was also indicated in the comparative analysis of sequences of the RPB1 gene (see the section "General data and phylogeny"), which most likely is a singlecopy gene and is monomorphic in the R. irregulare DAOM 181602 isolate (Stockinger et al. 2014 ). Thus, despite the fact that R. dunense and R. clarum are similar morphologically, R.
dunense is unique molecularly and its phylogenetic distance from R. clarum is very large.
In summary, the large molecular distance between R. dunense and R. clarum accompanied by small differences in morphology of their spores indicate that certain identification of the species requires the use of molecular methods. 1-3 and subtending hypha (sh). D-F. Spore wall layers (swl) 1-3; note swl1 is impermanent and strongly reactive to Melzer's reagent and swl3 turned pale yellow in this reagent. G, H.
Spore wall layers (swl) 1-3 continuous with subtending hyphal wall layers (shwl) 1-3; note swl3 is colourless in a spore crushed in PVLG (Fig. 4G ), but it stained pale yellow in a spore mounted in PVLG + Melzer's reagent (Fig. 4H) . 
